INTRODUCTION
============

The esthetic demand for restorative treatments that reestablish natural teeth's aspects is a major concern in Dentistry.[@b1-dent05_p0433] Among the available options, ceramic restorations are an excellent alternative because of advantages, such as aesthetic, biocompatibility, chemical durability, fluorescence, compression and wear resistance, and thermal expansion coefficient similar to the dental structure.[@b2-dent05_p0433]--[@b5-dent05_p0433] Advances in resin-based cements and adhesive systems technology allowed the increase of clinical applications of all-ceramic restorations.[@b6-dent05_p0433],[@b7-dent05_p0433]

Replicating the appearance of natural tooth structure requires careful control of the form, surface texture, translucency, and color of the restoration.[@b8-dent05_p0433] Laboratory procedures that involve ceramic brand and batches,[@b8-dent05_p0433]--[@b10-dent05_p0433] ceramic firing temperature and number of firings, and the condensation technique[@b11-dent05_p0433]--[@b13-dent05_p0433] also could affect the final shade of the porcelain. Therefore, the color of the ceramic chosen may not correspond to the exact color of the tooth.[@b14-dent05_p0433]

Laboratory procedures involved in the construction of porcelain inlays, onlays, all-ceramic crowns, and veneer restorations demand the use of refractory dies of dental phosphate-bonded investment materials that are used to build, sinter, cast, and press these types of restorations.[@b7-dent05_p0433],[@b15-dent05_p0433],[@b16-dent05_p0433] When fabricating metal-free feldspathic ceramic restorations with the refractory die technique, the application and high burning temperature of the ceramic are accomplished in direct contact with dental phosphate-bonded refractory die products. [@b7-dent05_p0433],[@b15-dent05_p0433] Therefore, the ceramic is subjected to the influence of the investment according to its composition, surface, and physical-chemical properties.[@b17-dent05_p0433],[@b18-dent05_p0433]

Although several studies have analyzed the mechanical properties of refractory phosphate-bonded investment materials,[@b16-dent05_p0433],[@b20-dent05_p0433]--[@b25-dent05_p0433] investment influence on the final color of ceramics remains unclear[@b17-dent05_p0433],[@b18-dent05_p0433],[@b26-dent05_p0433] and deserves further investigation. Because color is considered a sensation obtained through proprioceptive mechanisms, and thus considered subjective, standardized colorimetric techniques were developed with the objective of transforming colors in numeric values.[@b8-dent05_p0433] For this aim, the CIE L\*a\*b system of colors was created,[@b19-dent05_p0433] eliminating inconsistencies inherent in color perception and specification among observers.[@b8-dent05_p0433] This type of evaluation becomes important as the investment/ceramic relationship constitutes the base of the process of manufacturing ceramic restorations and is directly related to the final aesthetic quality of this type of restoration.[@b7-dent05_p0433],[@b15-dent05_p0433]

The aim of this study was to evaluate the influence of investment type on the color of various conventional powder-slurry feldspathic ceramics. The null hypothesis tested assumed that there would be no color alteration in the ceramics for all investments tested.

MATERIALS AND METHODS
=====================

Specimen preparation
--------------------

An auto-polymerized acrylic resin mold was machined as a master die for the fabrication of multiple specimens and duplicated with an elastic jelly (Duplicator VIPI, Pirassununga, Sao Paulo, Brazil). Four refractory investment materials were tested ([Table 1](#t1-dent05_p0433){ref-type="table"}). Each investment was placed into the jelly moulds, obtaining cylindrical refractory dies, with a central depression with a diameter of 11 mm and thickness of 1.5 mm, where the ceramics were applied and fired, simulating a refractory die for fabrication of ceramic restorations. The investment was removed from the elastic jelly moulds after 1 hour to acquire appropriate resistance.

The investment materials were mixed in a vacuum investor (Model A 300; Polidental, Pelotas, RS, Brazil) with speed time, liquid, and powder proportions recommended by the manufacturers ([Table 1](#t1-dent05_p0433){ref-type="table"}). After setting, the refractory dies were placed into a dental laboratory burnout furnace (Model Edgcon 5P; EDG Equipments, São Paulo, Brazil) at room temperature and heated at different rates (°C/min) according to ceramics manufacturers' instructions ([Table 1](#t1-dent05_p0433){ref-type="table"}).

Five feldspathic ceramics shade A3 (n=20; [Table 2](#t2-dent05_p0433){ref-type="table"}) were applied on the refractory dies of the four investment materials according to the manufacturers' recommendations, resulting in 25 refractory dies for each investment, with 5 refractory dies for each ceramic evaluated.

The discs were fired in a ceramic furnace (Titan 99, EDG Equipments Ltda, São Paulo, Brazil). Refractory dies were cooled and manually divested, and the internal surfaces were airborne-particle abraded (Microjet III; EDG Equipments Ltda, São Paulo, Brazil) with 50-μm aluminum oxide abrasive (Aluminum Oxide 50; Almet GmbH, Fellbach, Germany). All discs were cleaned with distilled water in an ultrasonic cleanser for 10 minutes. The ceramic discs were coated with silicone polishers (Eve Diapol, EVE -- Ernst Vetter GmbH, Pforzheim, Germany) and glazed according to manufacturers' recommendations.

For the control specimens, five ceramic specimens were fabricated with each ceramic using a circular stainless steel matrix, with a diameter of 11 mm and thickness of 1.5 mm without contact with any investment material. Specimens were removed from the matrix and placed in the porcelain-firing oven, fired, polished with silicone polishers, and glazed, as previously described.

Color evaluation
----------------

The evaluation of the color parameters was accomplished through the CIE Lab system of colors using a colorimeter (Colour-Guide®, BYK-Gardner, Columbia, MD, USA). To simulate the color of an underlying dental structure, a background disc with 30-mm diameter was made with resin composite (Filtek Z-250®, colour A3; 3M-ESPE, St Paul, MN, USA). In the CIE Lab system, the place of a color in the space is defined through 3 coordinates: L\*, a\*, and b\*. The L\* coordinate is a measure of the lightness-darkness of the specimen; therefore, the greater the L\*, the lighter the specimen. The a\* coordinate is a measure of the chroma along the red-green axis. A positive a\* relates to the amount of redness, and a negative a\* relates to the amount of green of the specimen. The b\* coordinate is a measure of the chroma along the yellow-blue axis, where a positive b\* relates to the amount of yellowness, and a negative b\* relates to the amount of blue of the specimen. The measure of the total difference of color among 2 objects is described by ΔE. Color differences above 3.7 units are visually detected. The formula used to calculate the ΔE was: ΔEab\* = \[(ΔL \*)2 + (Δa \*)2 + (Δb \*)2\]1/2. The ΔE values are graded as follows: ΔE \< 1 = not appreciable, ΔE \< 2 = clinically acceptable, ΔE \> 2 = clinically unacceptable, and ΔE \> 3.7 = clinically unacceptable with very poor match.[@b27-dent05_p0433]--[@b29-dent05_p0433] The L\*a\*b\* color notation of each specimen was measured thrice consecutively, and an average was calculated to give the initial color of all substrates. The formula used to calculate the lightness is: L\* = L\*f − L\*i, with f representing the final value of L\* and i the initial value of L\* (control group).

Statistical analysis
--------------------

The null hypothesis assumed no differences on ceramic colors. Statistical analyses were done, with the significance level fixed at 5%, and analyzed by two-way ANOVA, followed by Tukey post hoc test. The influence of the different investments was analyzed on the final color of the ceramic specimens.

RESULTS
=======

The amount of alterations in a\*, b\*, and L\* color parameters resulted in ΔE chromatic alterations of the tested ceramics ([Table 3](#t3-dent05_p0433){ref-type="table"}). Vision Esthetic ceramic was the only ceramic to present statistically significant differences (P=.0001) in all color parameters (a\*, b\*, and L\*) among the control and investments tested.. The exception for Vision Esthetic ceramic was for the investments Fortune and Vitadurvest for b\* and Duravest for a\*, with no statistical difference (P\>.05).

Significant differences were detected for the ceramic Vintage Halo in a\* color parameter among the control group and Duravest (P=.0009) and Fortune (P=.0001) investments, with no statistical differences between the two investments. For Vitadur Alpha ceramic, a significant color difference also was found between the control group and Fortune investment (P=.0029) for L\* and b\* color parameters, and control and Duravest investment (P=.008) for b\* color parameter.

When we considered the control groups alone, without investments, significant differences were detected for both color parameters a\* and b\* between ceramics IPS Classic and Vitadur Alpha (P=.0155), and IPS Classic and Vintage Halo (P=.0015). The same trend also has occurred for Vintage Halo and Vitadur Alpha (P=.0001) and Vintage Halo and Super Porcelain EX-3 (P=.0001). When considering a\* values only, comparison between IPS Classic and Super Porcelain EX-3 presented significant differences (P=.0001). Additionally, b\* values also were different between IPS Classic and Vision Esthetic (P\<.0001), and Vintage Halo and Vision Esthetic (P=.0001). For L\* values, statistically significant differences were found between Vitadur Alpha and Super Porcelain EX-3 (P=.0526), and Vision Esthetic (P=.0179) and Vintage Halo (P=.001) ([Figures 1](#f1-dent05_p0433){ref-type="fig"}, [2](#f2-dent05_p0433){ref-type="fig"}, and [3](#f3-dent05_p0433){ref-type="fig"}).

DISCUSSION
==========

There is a concern on the final color of ceramics commonly used for the fabrication of dental veneers, that is, to allow a clinically stable and aesthetic final restoration. The results of this study support the rejection of the null hypothesis because statistical differences were observed in the color parameters of the ceramics promoted by the investment materials tested.

In this study, the color of Vision Esthetic was overall influenced by all refractory investments used, resulting in color alterations considered unacceptable, as ΔE values were higher than the visually perceptible limit (3.7 units).[@b27-dent05_p0433]--[@b29-dent05_p0433] In general, the ceramic specimens were less red and less yellow because of a decrease in the values of color parameters a\* and b\*, respectively, when compared with the control group. Regarding the lightness variation, the ΔL\* values for this ceramic were negative ([Figure 4](#f4-dent05_p0433){ref-type="fig"}), resulting in a darker color. Ceramic specimens of Vintage Halo using Duravest and Fortune were less red considering the small decrease in the a\* values when compared with the control group.

Vitadur Alpha underwent significant alterations in a\* and L\* parameters when Fortune was used. However, the alterations were restricted to b\* values and only when Duravest was used. The use of Fortune resulted in more red and lighter ceramic discs (increase in parameters a\* and L\*, [Figure 4](#f4-dent05_p0433){ref-type="fig"}) when compared with the control group. On the other hand, Duravest resulted in less yellow ceramic discs (decreased b\* values) when compared with the control group. These findings support the idea that the color of ceramic is dependent on the choice of the investment material; therefore, a significant influence of the investment can be expected on the color of the ceramics, resulting in chromatic alterations that may lead to clinically unacceptable results.

Although phosphate-bonded dental casting investment materials have been successfully used in dentistry for more than 40 years, they still present characteristics that remain unclear.[@b24-dent05_p0433] Dental refractory die products are used to construct models and dies for casting dental alloys and ceramic restorations.[@b16-dent05_p0433] A variety of factors have an important role on the appropriate performance of the investment materials that include their setting and thermal expansion,[@b20-dent05_p0433] mould temperature,[@b30-dent05_p0433] air bubbles pores,[@b25-dent05_p0433] casting procedures,[@b31-dent05_p0433] investment technique,[@b15-dent05_p0433] and deformation of investment materials at high temperatures.[@b16-dent05_p0433] In relation to procedures for casting dental alloys, certain defects in the final metal dental alloy superstructures may result from the casting process, such as porosity due to poor filling, shrinkage, or dissolved gases; chemical segregation that results in nonuniform properties due to the physical chemistry of solidification; and contamination due to mould-casting interactions.[@b32-dent05_p0433]

Despite the few studies in the literature that evaluated investment influence on ceramic properties, [@b18-dent05_p0433],[@b26-dent05_p0433] the surface of investment materials are shown to react with the ceramics and affect the surface and shrinkage crystallization,[@b26-dent05_p0433],[@b33-dent05_p0433] surface roughness,[@b17-dent05_p0433] biaxial flexural strength, and the fit of ceramic restorations.[@b30-dent05_p0433] A rough or irregular texture surface will reflect an irregular and diffuse pattern of light, therefore modifying the color of aesthetic restorations.[@b34-dent05_p0433] Surface topography also can influence the color of the ceramic, especially the L\* value.[@b35-dent05_p0433] This pattern was verified in Vision Esthetic ceramic, which presented the higher ΔE\*, resulted mainly from the variation of L\*. Hence, color alterations detected in the ceramics tested in our study can be attributed to possible alterations in ceramic surface topography from the interaction with the refractory investment materials in high temperatures.

Despite all the laboratory and clinical factors that can interfere with the final color of ceramic restorations, color differences among ceramics with the same shade but from different manufacturers can occur.[@b8-dent05_p0433] The results of this study corroborates these findings, as significant color differences were detected among the color parameters a\*, b\*, and L\* when comparing the controls (no contact with the investment materials) of the five ceramics tested ([Table 3](#t3-dent05_p0433){ref-type="table"}). In general, Vintage Halo ceramic used in the control group had the higher a\* value (higher red value), whereas Vision Esthetic and IPS Classic ceramics showed the lower a\* values, with all ceramics presenting positive values. Regarding parameter b\*, Vintage Halo ceramic showed the higher b\* values (more yellow), whereas Vitadur Alpha and IPS Classic showed the lower b\* values (less yellow). When considering ceramics lightness, Super Porcelain EX, Vision Esthetic, and Vintage Halo were the lighter ceramics (higher L\* values); however, Vitadur Alpha and IPS Classic were the darkest ceramics, presenting the smaller L\* values.

The choice of using a chromatic background was intended to simulate a typical clinical condition in which a chromatic underlying dental structure is present, and a ceramic veneer restoration is planned.[@b36-dent05_p0433],[@b37-dent05_p0433] The background color of an aesthetic restoration is more or less chromatic, and the thickness of the material can vary.[@b36-dent05_p0433],[@b38-dent05_p0433] The use of black and white backgrounds has been reported in several studies to standardize the collection of the color data, but this methodology can influence the final color of the ceramic.[@b29-dent05_p0433] Clinically, a composite restoration with a white cement base may appear lighter, more reddish, and more saturated than that with a dark background.[@b38-dent05_p0433] This effect becomes smaller as the thickness of the sample increases.[@b38-dent05_p0433] When increasing resin thickness, the resin may appear darker and less chromatic with a white background and lighter and more chromatic with a black background.[@b39-dent05_p0433] Therefore, a sample may be more or less chromatic depending on its thickness and whether the background is white or black.[@b39-dent05_p0433]

To enable the reproduction of indistinguishable restorations with a natural and esthetic aspect, mimicking the natural dentition, besides a perfect anatomy, texture, and marginal adaptation, the perfect final match in color must be achieved. Little consideration has been given to the refractory die materials and the laboratory techniques used during the construction of ceramic restorations. A wide range of chromatic color alterations on veneering ceramics occurring through refractory die methods with investments was found. During the laboratorial process of constructing metal-free ceramic restorations with refractory die techniques, intimate contacts of the investments occur with the ceramic surfaces[@b7-dent05_p0433],[@b15-dent05_p0433] in high temperatures, contact that varies from some hours to days. Therefore, it is interesting to develop studies that could explore the potential interactions that occur among these materials, especially the ones that can result in alterations of mechanical resistance, surface, and color of ceramics, which directly influence their quality and longevity.

One of the limitations of this study is that there was no analysis of the composition and differences of thermal expansion coefficients among the investment materials and ceramics tested, which could have resulted in a better understanding of their influence on the performance of the unit investment-ceramic during the construction process of a ceramic restorations. In laboratorial practice, ceramics and refractory materials routinely used are usually purchased from independent manufacturers, with some combinations having different thermal expansion coefficients but generally not resulting in differences of performance from matched ceramic and refractory products.[@b40-dent05_p0433] Therefore, further investigations are necessary to evaluate the composition, structure, and performance relationships of these related systems because there are no recommendation protocols of combinations of these materials (ceramics versus investments).[@b40-dent05_p0433] Notwithstanding that such information would be important in understanding the processes involved in the construction of ceramic restorations, a guideline for daily practice for product selection, specifying comparative or standard compliance tests, are mandatory.

CONCLUSIONS
===========

Within the limitations of this study, the following conclusion can be drawn.

There was a significant influence of the investment refractory materials on the color parameters a\*, b\*, and L\* on the ceramics tested, resulting in chromatic alterations unacceptable for some of the ceramic groups tested.
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###### 

Details of the investment materials tested.

  **Product name**              **Manufacturer**                           **Characteristics**   **Dentin Burn**   **Glaze**
  ----------------------------- ------------------------------------------ --------------------- ----------------- -----------
  Super Porcelain EX-3 (EX-3)   Noritake, Nishi-Ku Nagoya, Japan           (Ti °C)               600               650
  (Hr °C/min)                   45                                         50                                      
  (St °C)                       930                                        930                                     
                                                                                                                   
  Vision Esthetic (VE)          Servo dental, Cologne, Germany             (Ti °C)               400               400
  (Hr °C/min)                   45                                         45                                      
  (St °C)                       770                                        740                                     
                                                                                                                   
  Vintage Halo (VH)             Shofu, Shangai, Japan                      (Ti °C)               450               450
  (Hr °C/min)                   60                                         60                                      
  (Si °C)                       910                                        900                                     
                                                                                                                   
  IPS Classic (IPS)             Ivoclar Vivadent, Liechtenstein, Germany   (Ti °C)               403               403
  (Hr °C/min)                   60                                         60                                      
  (Si °C )                      920                                        900                                     
                                                                                                                   
  Vitadur Alpha (VA)            Vita Zanhfabrik, Bad Sackingen, Germany    (Ti °C)               600               600
  (Hr °C/min)                   58                                         58                                      
  (St °C)                       950                                        940                                     

###### 

Manufacturers' recommendations for initial burning temperature (Ti), heating rate (Hr), and sintering temperature (St) for burning and glazing of the ceramics tested.

                                **Vitadurvest**                                      **Duravest**                    **Duceralay Superfit**                              **Fortune**
  ----------------------------- ---------------------------------------------------- ------------------------------- --------------------------------------------------- ----------------------------------
  Water-powder ratio (ml g-1)   6:30                                                 25:100                          10.5:30                                             6.6:30
  Mixing time (s)               30                                                   60                              45                                                  30
  Expansion during prey %       0.2                                                  0.6                             0.4                                                 0.5
  Burnout temperature (°C)      1200 max                                             1200 max                        1100 max                                            1100 max
  Colour                        White                                                White                           White                                               White
  Batch no. powder              55042032                                             05012005                        609000945                                           \-
  Batch no. liquid              55041                                                05012005                        33089                                               \-
  Silica form                   Quartz and Cristobalite                              Quartz and Cristobalite         Crystalline                                         Quartz and Cristobalite
  Manufacturer                  Vita Zanhfabrik, Spitalgasse Bad Säckingen Germany   Polidental, Sao Paulo, Brazil   Dentsplay, Degudent GmbH, Hanau-Wolfgang, Germany   IvoclarVivadent, Amherst NY, USA

###### 

Mean (SD) color coordinate differences (a\*, b\*, L\*, and E).

                      **Ceramics**                                             
  ----- ------------- -------------- ------------- ------------- ------------- -------------
        Vitadurvest   64.52 (0.9)    65.61 (0.6)   59.86 (0.6)   64.21 (1.3)   63.90 (0.7)
        Duravest      64.33 (1.1)    64.33 (0.3)   60.00 (0.9)   64.21 (1.2)   64.71 (0.5)
  L\*   Fortune       65.32 (1.1)    65.27 (1.1)   60.24 (2.9)   64.82 (0.9)   64.58 (0.6)
        Duceralay     64.33 (1.3)    65.87 (0.9)   60.05 (1.0)   64.27 (0.4)   65.30 (0.9)
        Control       62.45 (1.0)    65.48 (0.6)   65.00 (1.1)   64.21 (1.5)   64.78 (0.2)
        Vitadurvest   4.47 (0.1)     5.74 (0.3)    2.71 (0.5)    3.87 (0.1)    4.51 (0.2)
  a\*   Duravest      4.92 (0.2)     4.92 (0.2)    3.18 (0.1)    4.05 (0.4)    4.52 (0.3)
        Fortune       4.97 (0.0)     4.97 (0.4)    2.89 (0.6)    4.17 (0.1)    4.61 (0.2)
        Duceralay     4.71 (0.0)     6.25 (0.2)    2.87 (0.2)    4.05 (0.3)    4.43 (0.3)
        Control       4.68 (0.2)     5.67 (0.3)    3.63 (0.2)    3.83 (0.4)    4.56 (0.1)
        Vitadurvest   18.46 (0.4)    22.83 (0.9)   17.58 (0.2)   20.40 (0.8)   21.49 (0.6)
  b\*   Duravest      18.01 (0.7)    18.01 (0.2)   18.18 (0.5)   20.28 (0.7)   20.28 (0.2)
        Fortune       17.72 (0.9)    17.72 (1.1)   17.71 (0.4)   20.17 (0.4)   19.81 (0.2)
        Duceralay     18.41 (0.8)    21.97 (0.3)   17.98 (0.2)   20.15 (0.6)   20.28 (0.6)
        Control       19.49 (0.4)    22.63 (0.6)   19.91 (1.1)   20.35 (1.2)   20.59 (0.2)
        Vitadurvest   2.40 (0.5)     0.54 (0.5)    20.89 (1.3)   1.01 (0.9)    1.13 (0.5)
  ΔE    Duravest      3.40 (0.9)     1.17 (0.3)    14.55 (5.6)   1.02 (1.4)    0.22 (0.2)
        Fortune       5.44 (0.5)     1.80 (1.0)    17.57 (5.2)   0.66 (0.6)    0.49 (0.3)
        Duceralay     2.70 (1.2)     0.82 (0.6)    20.89 (4.2)   0.82 (0.3)    0.66 (0.4)
